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The beam in the sample branch was focused to fully overlap with the pump-pulse excited area of the sample. The cross-section of the probe pulse fluence in the focal plane (sample area) could be fitted with Gaussian beam profile with the radius r probe = 70 μm (defined as the radius where the intensity of the probe beam is 1/e 2 times the maximum intensity). After passing the sample the probe pulses were filtered with a polarizer to remove the scattered light from the pump and passed a special filter (the reference probe pulses as well) to remove residual of the fundamental radiation (800 nm, from regenerative amplifier) and collected to the optical fiber input ports of two identical CCD-based spectrometers.
For the measurements in the NIR range (850-1200 nm) we had only one detector array available, thus we could use only measurement of un-pumped sample light transmission as a reference. Due to lack of dedicated reference detector the NIR-WLC measurement showed a lower signal-to-noise ratio, compared to the measurement with Vis-WLC. The high noise level also called for FFT-based noise filtering treatment, as will be described below.
NIR-WLC TA data refinement:
The original TA data acquired with NIR-WLC probe contained periodic experimental artifact noise, probably caused by periodic fluctuations of the laser system. It could be observed as horizontal strips (simultaneous fluctuations of the whole probe spectrum). The NIR-WLC TA data are more prone to this kind of instability than the vis-WLC, due to singlechannel spectrometer configuration.
In order to remove the periodic instrumental artifact, FFT filtering was performed to remove the periodic fluctuation in the probe. In Figure S1 , one can clearly observe the reduction of noise by filtering, especially at longer wavelengths. 
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Results
TA signals evolution in AuNP@PS
The TA spectra of AuNP@PS sample deposited on glass substrate are shown in Figure S2 .
They were recorded following photoexcitation with laser pulses of 550 nm central wavelength, 0.5 μJ/pulse. 
Target model analysis of the vis-WLC transient absorption data
A global and target analysis of the TA data were performed to gain insight into the transformations of the excited state. In an attempt to rationalize the observed spectro-temporal TA data ΔA(t,λ) a target analysis method is used. 1 It allows to obtain so-called SpeciesAssociated Differential Spectra (SADS) 1,2 ε i (λ) and evolutions of their populations c i (t), through separation of the obtained TA data into the set of components i: (1) where t is the delay time between the pump and probe pulses, and λ is the probe wavelength. The fitting of the kinetic models was performed with Glotaran and TIMP software. 3, 4 S6
Analysis of TA signals of AuNP@PS
Using global analysis approach with a sequential, unbranched compartmental model, 1,2,5 we could identify 3 exponential signal decay times τ i : 0.57, 1.2 and 9.9 ps for i∊<1, 2, 3>, 
Kinetic model for the AuNP@P3HT composites
We constructed a model for the composite AuNP@P3HT, in which the excitation of AuNP array evolves independently on the excited states evolution of the underlying P3HT film. This approach is motivated by the desire to observe the influence of the AuNPs array on the excitation evolution in the P3HT film. For this it should be helpful to compare the evolutions of the excited states in the polymer film with and without AuNPs array. The relatively shortlived excitation of electron gas in the metal particle array is represented with a single lifetime, whereas the evolution in P3HT film is represented by sequential decay of the excited states.
The model system of kinetic equations for populations (fractional) c i (t) of the excited states the can be written as follows:
Here, t denotes the time. The term represents the approximation of the temporal instrument response function (IRF), mainly governed by the time envelope of the pump pulse. The (Gaussian) time constant τ p , as well as the lifetimes τ i , i ∊ {1..6} in our model were taken as free parameters and they were optimized using TIMP software algorithms. The value of the branching weight factor was chosen φ ex = 0.5 for the AuNP@P3HT composite thin film. In the case of neat P3HT film, the value φ ex =1, effectively deactivated the AuNPs array excitation branch, i.e. c 6 ≡0.
The resulting SADS together with the selected representative fits of kinetic traces for the neat P3HT and AuNP@P3HT systems are presented in Figures S3b,e and S3c,f, respectively.
The Table S1 summarizes the obtained model lifetimes. 
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Spectral analysis of the NIR-probe TA data
The spectral model function: 
After the fit converged, the LMA generated the resulting best-fitting values for each timeinvariant parameter, and estimated their standard errors, as summarized in Table S2 .
The presented results of the fit were almost always optimal, as can be deduced from the representative fit results presented in Figures S4 and S5 ).
The resulting best-fit series of H i (t) were generated using the best-fit values of the timeinvariant parameters with the unconstrained linear least-squares algorithm 8 (LSQR) for each delay time t.
The reason for choosing the nonnegative version of least-squares algorithm (NNLS) for the optimization of the time-invariant parameters is that only the positive amplitudes H i (t) are physically meaningful. Using the unconstrained LSQR was necessary to remove the bias induced by NNLS, due to the fact that it yielded H i (t)=0 in the cases where the unconstrained related algorithm, the LSQR, would use negative value. This was obvious mostly in the longer delay time range, where the noise in the data was greater than the mean value of the TA signal.
The H 1 (t) has been assigned in the main text to the concertation of singlet excitons, C S (t), and H 2 (t) has been assigned to free polarons C FP (t). 
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Thermochromic effect in TA experiment
We calculated the thermochromic effect ΔA thermo from the temperature, T, dependent steadystate absorbance spectra A(T) published in ref. 9 as: ΔA thermo =A(130°C)-A(110°C). In Figure   S6 , we show that it indeed overlaps quite well with the residual TA signal ΔA AuNP@P3HT -ΔA P3HT averaged over delay time interval 1-2 ns presented in Figure 3c in the main text. Note that the residual TA signal was multiplied by factor 15 for better comparison. 
